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metal skin. 



•© A multilayered insulated mold structure is pro- 
vided. An insulation layer provided on the mold base 
retains heat at the molding surface, thereby increas- 
ing surface smoothness of the molded part. A mul- 



tilayered skin layer (14) is provided on the insulation 
layer. The skin layer comprises a plurality of sub- 
layers which are designed to provide improved ad- 
hesion, mechanical strength and abrasion resistance. 
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proved qualities are achieved by providing a plural- 
ity of skin layers on the insulating layer instead of a 
single skin layer. The abovementioned co-pending 
application, Serial No. 07/437,051 describes the 
use of a multilayered skin layer. However, in Serial 5 
No. 07/437,051, the mold structure is only partially 
insulated and the multilayered skin is provided in 
order to prevent delamination of layers caused by 
different coefficients of thermal expansion. 

In a preferred embodiment of the present in- w 
vention, three skin layers are placed successively 
on the insulating layer. A thin layer of metal which 
exhibits good adhesion to the insulating layer is 
deposited first, directly to the insulating layer. A 
layer of metal chosen to provide mechanical ;s 
strength is then placed on top of the first layer. 
Finally, an outer layer having superior abrasion 
resistance is deposited. 

In accordance with a further embodiment, the 
present invention comprises two outer skin layers 20 
disposed on the insulating layer. By selecting prop- 
er combinations of materials, the two-layer embodi- 
ment can possess the desired characteristics of 
good adhesion, strength and abrasion resistance of 
the three-layer embodiment. 25 

It is therefore an objective of the present inven- 
tion to provide an insulated mold structure which 
produces molded parts with smooth surfaces in 
short cycle times. 

It is a further objective of the present invention 30 
to provide an insulated mold structure having im- 
proved adhesion between the insulating" layer and 
skin layer, improved mechanical strength and im- 
proved abrasion resistance. 



Brief Description of the Drawing 
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The subject matter which is regarded as the 
invention is particularly pointed out and distinctly 
claimed in the concluding portion of the specifica- 40 
tion. The invention, however; both as to organiza- 
tion and method of practice, together with further 
objects and advantages thereof may best be un- 
derstood by reference to the following description 
taken in conjunction with the accompanying draw- 45 
ing figures in which: 

Figure 1 is a partial side elevation in section of a 
preferred embodiment of the mold structure. 
Figure 2 is a partial side elevation in section of 
another preferred embodiment of the mold 50 
structure.- 

Figure 3 is a graph showing the transient tem- 
perature response in blow molding processes in 
molding apparatuses with and without insulation. 

Detailed Description of the Invention 

Referring now to the drawings wherein like 



numerals indicate like elements throughout. Figure 
1 shows a partial side elevation of the multilayer 
mold 10 of the present invention. The mold 10 
comprises a mold base or core 11 of high ther- 
mally conductive material. Cooling lines 12. such 
as copper pipes, are provided in the core for re- 
ceiving a cooling fluid to reduce cycle time. The 
core 11 is covered by a thin thermal insulating 
layer 13. The thermal insulating layer can be fab- 
ricated from low thermally conductive material such 
as high temperature thermoplastics, thermosets, 
plastic composites, porous metals, -ceramics and 
low-conductivity metal alloys. Other low thermally 
conductive materials used for insulation could also 
be used. Because the insulating layer is often not 
mechanically strong and cannot produce surfaces 
of high quality when used as a mold surface, a thin 
hard skin layer 14 is bonded to the insulating layer. 
The skin layer must exhibit a number of desired 
properties. These properties include strong adhe- 
sion between the skin layer and the insulating 
layer, good abrasion resistance and high mechani- 
cal strength. Other important properties include 
thermal conductivity and oxidation resistance. 

To achieve these properties, the hard skin lay- 
er is fashioned from a plurality of sublayers which 
contribute one or more of the desired properties. In 
a preferred embodiment, the "tailored" skin layer 
comprises three sublayers. A thin sublayer 15 is 
first disposed directly onto the insulating layer. This 
first, inner sublayer 15 is made of a material which 
exhibits good adhesion strength as well as thermal 
conductivity and oxidation resistance. Examples of 
such materials are Enthone electroless nickel 422 
and Shipley electroless copper 250. Next, an inter- 
mediate sublayer 16 is disposed on the inner sub- 
layer. The intermediate sublayer must provide a 
high degree of mechanical strength and thermal 
conductivity. Examples of preferred materials for 
the intermediate sublayer are Lea Ronal electrolytic 
nickel PC3, electrolytic copper and Enthone elec- 
troless nickel 426. Lastly, a thin outer sublayer 17 
is disposed on the intermediate level. The outer 
sublayer provides superior abrasion resistance. 
Preferred materials for accomplishing this are En- 
thone electroless nickel 426, Englehard electrolytic 
palladium nickel 80/20, TiN and chromium. Ideally, 
the inner and outer sublayers are 1 to 25 microns 
in thickness, while the intermediate sublayer is 25 
to 250 microns thick to enhance mechanical 
strength. 

The result of these three sublayers is a thin 
hard skin layer which has a smooth, hard molding 
surface as well as good adhesion strength, struc- 
tural integrity and abrasion resistance. The insulat- 
-ng layer 13 and the hard skin layer 14 can be 
applied, for example, by lamination, deposition or 
sintering. The high conductivity core 11 provides 
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dotted line represents the response in the conven- 
tional mold. As seen in the Figure, the parison in 
the -apparatus without insulation is immediately 
cooled below the glass transition temperature, T g . 
Such rapid cooling will cause rough surfaces. On 5 
the other hand, with the insulated mold structure, 
the parison surface is initially quenched by the cool 
skin and temporarily falls below the glass transition 
temperature, but the surface is then reheated by 
the hot melt from within the molten plastic layer. w 
Since the surface temperature increases to above 
the glass transition temperature, the resin fills and 
duplicates the mold surface, thereby avoiding 
rough surfaces. 

From the foregoing description, it will be seen 15 
that the present invention provides an improved 
molding apparatus which is applicable to many 
types of molding processes including injection, 
compression and blow molding. Existing molding 
devices can be easily adapted to incorporate the 20 
present invention without great effort or expense. 

While the invention has been particularly 
shown and described, it will be understood by 
those skilled in the art that various changes in form 
and detail may be made without departing from the 25 
spirit and scope of the invention. 

Claims 

1. A multilayer mold for molding thermoplastic 30 
into finished parts comprising; 

a core; 

an insulating layer bonded to said core for 
slowing initial cooling of the thermoplastic dur- 
ing molding; and 3S 

a skin layer bonded to the insulating layer, 
said skin layer being formed from a plurality of 
sublayers. 

2. The mold of claim 1 wherein at least one of 4Q 
the plurality of sublayers provides abrasion re- 
sistance. 

3. The mold of claim 1 wherein at least one of 
the plurality of sublayers provides adhesion 45 
strength. 

4. The mold of claim 1 wherein at least one of 
the plurality of sublayers provides structural 
integrity. 



5. The mold of claim 1 wherein the plurality of 
sublayers comprises first, second and third 
sublayers. 

6. The mold of claim 5 wherein the first sublayer 
is bonded directly to the insulating layer, the 
second sublayer is bonded on top of the first 
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sublayer, and the third sublayer is bonded on 
top of the second sublayer. 

7. The mold of claim 5 wherein the first sublayer 
comprises a material which provides strong 
adhesion between said skin layer and said 
insulating layer. 

8. The mold of claim 5 wherein the second sub- 
layer comprises a material which provides 
structural integrity. 

9. The mold of claim 5 wherein the third sublayer 
comprises a material which provides a high 
degree of abrasion resistance. 

10. The mold of claim 1 wherein said plurality of 
sublayers comprises a first sublayer which is 
bonded directly to said insulating layer and a 
second sublayer which is bonded onto said 
first sublayer. 

11. The mold of claim 10 wherein said first sub- 
layer comprises a material selected from the 
group consisting of an electroless copper, an 
electroless nickel-boron alloy and an electro- 
less nickel-phosphorus alloy. 

12. The mold of claim 11 wherein said second 
sublayer comprises an electroplated material 
selected from the group consisting of nickel, a 
nickel-phosphorus alloy, a nickel-palladium al- 
loy, cobalt and chromium. 

13. The mold of claim 11 wherein said second 
sublayer comprises a material selected from 
the group consisting of an electroless nickel- 
boron alloy and an electroiess nickel-phospho- 
rus alloy. 

14. The mold of claim 11 wherein said second 
sublayer comprises a composite of electroless 
nickel and an abrasion resistant material se- 
lected from the group consisting of SiC, BN, 
AI2O3, WC and diamond. 

15. The mold of claim 1 wherein said core in- 
cludes means for cooling. 

16. A multilayer mold for molding thermoplastic 
into finished parts comprising: 

a core; 

an insulating layer bonded to said core for 
slowing initial cooling of the thermoplastic dur- 
ing molding; and 

a skin layer bonded to the insulating layer 
and having the desired contour and surface 
characteristics of the finished part, said skin 
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